. Logistic regression models were run to compare the prevalence of BSE on successive birth cohorts, using a pair-wise method of controlling for age at testing; the prevalence on the first one, determined on animals slaughtered in 2001, was compared to the prevalence on the following one determined on animals slaughtered in 2002. Five models were performed in order to compare the birth cohorts preceding and following the months of June 1993 (i.e. July 92-June 93 birth cohort compared to July 93-June 94 birth cohort) (8.5 years old cattle), June 1994 (7.5 years old cattle), June 1995 (6.5 years old cattle), June 1996 (5.5 years old cattle) and June 1997 (4.5 years old cattle). The models were adjusted for the production type of cattle and the test used. The results showed a significant increase (OR = 2.31, 95% CI 1.08-4.9) of the BSE prevalence between the July 93-June 94 and July 94-June 95 cohorts, and then a significant decrease over the next two birth cohorts; the July 95-June 96 birth cohort was significantly less affected than the July 94-June 95 one (OR = 0.46, 95% CI 0.27-0.78), and the July 96-June 97 birth cohort was significantly less affected than the July 95-June 96 one (OR = 0.17, 95% CI 0.07-0.37). The increase in BSE prevalence between the July 93-June 94 and July 94-June 95 cohorts was in agreement with modelling studies, but needs to be confronted to the data on fallen stock at the national level. The decrease in BSE prevalence on the birth cohorts born after June 1995 was in agreement with the findings on the fallen stock in the western part of France and matches the implementation of the removal of specified risk materials (SRM) and dead animals from the processing of meat and bone meal (MBM) since June 1996. BSE / prevalence / epidemiology / abattoir screening / logistic regression
INTRODUCTION
The first case of BSE was evidenced in 1991 [17] in France, and 108 others were discovered until June 2000 with the clinical surveillance [10] . Since then different complementary surveillance programmes have been organised [1] , based on rapid tests [22] ; they showed that the clinical surveillance alone misses a great proportion of diseased animals [15, 20] . This is the reason why a comprehensive system is now implemented to detect BSE cases, including clinical surveillance, test on dead cattle (fallen stock), and systematic screening at the abattoir; the tests are carried out on cattle aged two years and more (over 30 months old before July 2001 at the abattoir). Retrospective clinical surveys have shown that two thirds of the animals testing positive among the fallen stock had shown probable or definite clinical signs of BSE before death, whereas only 7% of those testing positive at the abattoir have had signs evocating those of BSE before death [7] . This suggests that a great part of the cases discovered at the fallen stock were clinically diseased whereas most of those at the abattoir were at the pre clinical stage of the disease.
A major effort has been made to control BSE, which is transmissible to humans [5, 18] . However, the ban of meat and bone meal (MBM) in cattle foodstuff has proven insufficient to control the overall contamination process of the disease in Great Britain as well as in other countries like France where 752 cases have been detected on animals born after the ban on the feeding of MBM to cattle (July 1990) (called NAIF for Nés Après l'Interdiction des Farines animales), up to July 1st, 2003 [1] . In France, MBM was still authorised until the end of 2000 for monogastric species, and it has been hypothesised that NAIF cases could be due to the cross contamination of cattle feed with foodstuff dedicated to monogastric species and containing MBM. So, complementary measures were taken in France in June 1996 in order to secure the MBM intended for monogastric food; carcasses from dead animals as well as specified risk materials (SRM) have been removed from MBM processing since then [10] . Given the length of the incubation period, we are now able to evaluate the efficiency of this control measure by estimating the current trend of the epidemic.
A comprehensive analysis of the data concerning fallen stock was performed [21] over a three year period in western France where a pilot study started in June 2000 [20] . It showed that, on animals dead or subjected to euthanasia, the prevalence of positive BSE tests decreased for animals born after June 1995. Our paper presents the analysis of the trend of the epidemic on the whole metropolitan French territory through the analysis of the abattoir screening over a two year period. We used the same global methodology as for the fallen stock screening [21] so that the results may be compared.
MATERIALS AND METHODS

Reference population
The reference population was composed of all cattle sent to the abattoir for human consumption between January 1, 2001 and December 31, 2002, aged two years (30 months between January and June 2001) or more at the time of slaughter. These animals were subjected to a screening test defined by the European Union (EU) regulation No. 999/2001/CE [16] . In France, the age limit was lowered to 24 months old whereas the regulation threshold is 30 months. Emergency slaughtered cattle were not concerned because a French regulation of December 2000 requires that they be sent to the fallen-stock whatever the reason of the emergency, accident or disease [10] . Bovines (5 281 293) were included in the abattoir screening during the period of interest, respectively 2 352 284 in 2001 and 2 929 009 in 2002. Individual identification of French cattle has been required since the nineteen-seventies, and individual data are collected at birth, so only 1.9% of the slaughtered cattle in our dataset had missing values on the date of birth, with 45% of them being foreign cattle slaughtered in French slaughter houses.
Definition of BSE cases
BSE cases were test positive animals detected through the screening programme at the abattoir, with either of the two tests: Prionics-check (Roche Diagnostic, Mannheim, Germany) or Platelia BSE (Biorad, Trend of the BSE epidemic in France 301 Marnes la Coquette, France), and confirmed positive at the National Reference Laboratory (AFSSA Lyon, France) with western blot [19] or immunohistochemistry [9] . A total of 158 BSE cases were included in the study, respectively 87 in 2001 and 71 in 2002.
Statistical analysis
First, the overall trend of the BSE prevalence at the abattoir was analysed by comparing the percentage of positive animals in 2001 and 2002, with the hypothesis that the age distribution, the geographical origin and the production type of the slaughtered animals did not vary significantly between years. Confidence intervals for prevalence estimates were calculated assuming a Poisson distribution for the BSE frequencies (reviewed in [8] ). Also, we analysed the distribution of the percentage of positive animals per year of birth, in order to identify the birth cohorts the most at risk in 2001 and 2002. Then, in order to evaluate the trend in the exposure of cattle to the BSE agent, the prevalence of BSE at the time of slaughter was analysed for different birth cohorts, defined by the seasonal year of birth from July 1 to June 30. The prevalence of BSE in a given birth cohort, slaughtered in 2001, was compared to the prevalence of BSE in the following birth cohort slaughtered in 2002, so that the comparison of the prevalence of BSE in the different birth cohorts was done on animals of the same age.
More precisely, five models were carried out (Tab. I), in order to compare the birth cohorts preceding and following the months of June 1993 (i.e. the July 92-June 93 birth cohort compared to the July 93-June 94 birth cohort), June 1994, June 1995, June 1996 and June 1997. Models 1 and 5 were known to have a smaller statistical power than the others, since the number of positive animals was very small on animals younger than five years old and older than eight years old. Nevertheless, they were run in order to discuss the trend observed on the other models. Furthermore, not a single animal was found positive in 2001 in the July 92-June 93 birth cohort; in order to be able to run the model, we created a fictitious dairy positive cow in this category.
The study unit was the slaughtered animal and the outcome the result of the rapid test after confirmation of test positives by the National Reference Laboratory (positive versus negative). The data were analysed with multivariate non-conditional logistic regressions [4] . The main explanatory variable was the birth cohort and its contribution was measured with the odds Range ( 
RESULTS
The overall BSE prevalence at the time of slaughter in France decreased from The results of the five logistic regressions carried out by comparing two by two the successive cohorts at the same age at slaughter, are presented in Table II . Three of them showed significant odds ratios for the birth cohort effect. The comparison of the birth cohorts showed a significant increase (OR = 2.31, 95% CI 1.1-4. The production type, dairy versus beef cattle, was linked significantly to the BSE prevalence for models 2 to 4; even if the estimate of the odds ratio varied between models, from 3.7 to 10.9, their confidence intervals were in the same range of values. Because the type of test (Platelia /Prionicscheck) was linked significantly to the result of the test on the 2002 data, this factor was forced into the models, but it did not show a significant effect.
DISCUSSION
Population of concern
It has been shown that the percentage of BSE cases found either through the Mandatory Reporting System or through the different active surveillance programmes (on fallen stock and at the abattoir) varies with time and space [12, 20] . It might be possible that some animals with mild clinical signs were sent to the abattoir, instead of being declared to the mandatory reporting system, since it has been found that about 7% of the animals tested positive at the abattoir had shown some clinical signs suggestive of BSE [7] . This is the reason why the results from the abattoir testing programme have to be compared to the results found on fallen stock, to verify if the same trend was observed.
The testing programme at the abattoir has been implemented for Human health reasons and there is no doubt about exhaustiveness. However, during the first semester of 2001, apart from the abattoir slaughter for human consumption and in the aim of market support following the BSE crisis in the autumn of 2000, 179 086 animals were slaughtered and destroyed without being tested. These animals, which represented 16% of the overall population slaughtered during that period, had a worse body condition score on average than the animals sent for consumption [14] , resulting in a possible underestimation of the real prevalence of BSE on tested cattle. In order to take into account this possible bias, we reran the logistic models on the subpopulation of animals sent to the abattoir during 
Diagnosis
Two diagnostic tests have been used, depending on the local diagnostic laboratories; this might be a source of bias in the results. A formal comparison of the performance of these tests (sensitivity and specificity) was made in 1999 in the frame of a European evaluation in laboratory conditions showing no evidence of performance difference [22] , but this assessment was made only on clinically diseased and disease free animals. However, all the French cases detected with one or the other of the two tests have always been confirmed by the other one so far, showing no difference in their ability to detect cases. Also, all positive results have been confirmed at the National Reference Laboratory. However, in order to take into account possible differences between the tests, we forced the variable in the models.
Statistical method
The comparison of the prevalence of BSE positive animals of a given age during successive years was based on the hypotheses that the distribution of the age at contamination and the incubation period were assumed to be constant over two years of time in the studied area. If they were true, then the differences in BSE prevalence between cohorts might be attributed to differences in the level of infection over years. There is no reason to think that the age at contamination changed during such a short period of time. Concerning the incubation, the 1996 control measures -removal of SRM and cadavers from the meat and bone meal -might have produced a dilution effect in the contaminated substance. If the length of the incubation depends on the infectious titre, the probability for an animal exposed to the BSE agent to declare the disease at a given age might have varied over time; this dose effect function is not known for cattle. If this had occurred, with a contamination level maintained constant and an increase in the length of the incubation, we would have observed an increase in the age at clinical onset and thus a rise of the percentage of positives over the following years. The fact that the global trend is a decrease in BSE prevalence for the different cohorts following those of 1995 tends to indicate that this phenomenon, if it happened, was outdone by the decrease in contamination.
The age structure and the geographical origin of the population sent to the abattoir were very stable from one year to another. These variables can hence hardly be confounders for the analysis of the trend of the epidemic. This is the reason why we did not include the geographical origin of the animal in the models, even if it is known to be a risk factor [11, 20, 23] . It helped to keep the study as powerful as possible. However, we made an adjustment for the production type of cattle which is highly related to the BSE risk [15, 26] , first because the culling rates differ between the two types, second because we cannot exclude that the BSE incubation period varies between dairy and beef cows. Another modelling approach might have been to build a single model with the entire slaughtered population and incorporating interaction variables between the year of test of birth cohorts to account for the postulate that the effect of the year of test depended on the birth cohorts being tested; comparing the odds of being a cow of a given birth cohort slaughtered in 2001 to those of a cow of the following birth cohort slaughtered in 2002 would have given the estimates of the risk increase/ reduction between cohorts. We carried out this model that gave the same estimates for the odds ratios. However, in order to be able to compare our results with the study carried out on fallen stock with the same exact method, and to simplify the explanation of the method, we preferred to present the five sub-models.
Results
The results showed a decrease in the Moreover, given that the prevalence rate at the abattoir during the first semester of 2001 has been underestimated due to the economical measures of the removal of nearly 200 000 animals, the real decrease might have been even higher.
The decrease was consistent with the global trend of the crude BSE prevalence in France: since the beginning of the systematic screening of cattle aged 24 months and over at death or slaughter, the crude monthly prevalence proportion of BSE (number of BSE cases over the number of animals included in the different programmes) decreased regularly, from about 0.13‰ in the summer of 2001 to 0.04‰ in the spring of 2003 [6] .
The birth cohorts the most at risk for being positive at the abattoir were the same for cattle tested in 2001 and 2002. A stable level or a slight decrease in the BSE contamination over the years would have produced a shift in the mode of the year of birth the most at risk between 2001 and 2002, given that the slaughtered population has roughly the same age distribution over the years. The absence of a shift suggested that the July 94-June 95 birth cohort might represent a peak in the observed level of BSE infection in France. This was confirmed with the logistic models. The analysis of the prevalence in the different birth cohorts was performed in such a way that the compared birth cohorts had the same range of age at the abattoir. The statistically significant results showed an increase in the BSE prevalence between the July 93-June 94 and July 94-June 95 birth cohorts, and then a decrease over the two following cohorts. Although not significant, the results of models 1 and 5 had the same trend as those of the other models, with a tendency to a high increase between the July 92-June 93 cohort and the following one (Model 1), and a decrease between the July 95-June 96 cohort and the following one (Model 5). The result of model 5 was even underesti-mated since we created a false positive animal to be able to run it. The observed peak in the infection on the July 94-June 95 cohort was in agreement with the results of a mathematical model [13] carried out on the French data. This peak of infection might be the second one in France, since a first one might have occurred previously, in the late nineteen-eighties, according to the results of mathematical models [13, 24] . The first peak has not been evidenced since the surveillance programme was not efficient enough at that time; furthermore, we were not able to study it with our dataset since it was too far in the past; nearly all animals were dead or culled already.
Our results found on animals sent for slaughtering in France were in agreement with the trend of the epidemic found in western France on dead animals, animals subjected to euthanasia or sent for emergency slaughter [21] . The same methodology was used in this previous study; however, the analysis was limited to the western part of France that represents one third of the total French cattle population, and was carried out on three successive testing periods between 2000 and 2002. The decrease started at the same period (between the July 94-June 95 and July 95-June 96 birth cohorts), with the same intensity. More precisely, when comparing the July 94-June 95 and July 95-June 96 cohorts, our model gave an odds ratio of 0.46 for the risk of BSE whereas the two odds ratios obtained on that point from the study on fallen stock -three years of testing were comparedwere 0.37 and 0.27. For the comparison of the July 95-June 96 and July 96-June 97 cohorts, we observed an odds ratio of 0.17 in our study and it was 0.21 in the study on fallen stock. A difference between the two studies was observed on the period preceding July 1994; between the July 93-June 94 and July 94-June 95 cohorts, we observed a significant increase in the prevalence of positive animals (an odds ratio of 2.3) whereas the study of the fallen stock in western France showed the same prevalence between the two cohorts. The significant increase in our study was reinforced by the same tendency (not significant) observed during the previous period. One possible explanation is that the decrease in the infection process started earlier in western France. In fact people were more aware of the disease in this region than in any other part of France, since the French BSE epidemic started in this region and has been higher there than elsewhere; it might be possible that more stringent control measures of BSE transmission were taken earlier than required by law in this region. Our results need to be compared to the data on fallen stock on the whole French bovine population when available, in order to check if the possible transfer of some BSE cases from one detection system to another (clinical surveillance and fallen stock screening versus abattoir screening) might create a bias in the results. This is probably not the case given the similarity of our results for each cohort comparison with those of fallen stock in western France.
Our results showed that the exposure to the BSE agent decreased for animals born during and after June 1995, which was one year before the implementation of the ban of animal cadavers and SRM in MBM in France. The results of mathematical models carried out on the age at infection both in Great Britain and France [3, 24] as well as the age at clinical onset in the pathological trials carried out in Great Britain [25] tend to show that most infected animals might be contaminated at a young age; more precisely, the best fit in the models correspond to an infection between six and eighteen months of age. On this basis, the decrease of the infection starting on the July 95-June 96 cohort matches with the setting out of new control measures in June 1996. These results were also in agreement with the increasing average age of the BSE cases detected since 1999 in the different programmes pooled altogether, reflecting a decrease in the exposure roughly five years before [1, 2] . However, the results of mathematical models carried out on the period preceding the implementation of these complementary control measures have already estimated a decrease of the exposure of cattle to BSE in France starting in 1994 [13, 24] , i.e. independent from the effectiveness of the measure introduced in 1996. The decrease of the BSE prevalence on cattle born after June 1995 is probably due to the conjunction of an underlying decrease of the exposure and the beneficial effect of the removal of MRS and animal cadavers from MBM intended for monogastric foodstuff since June 1996. So we cannot precisely measure the effectiveness of this measure.
It is hard to draw any simple conclusion from our results concerning the risk for humans, but it is important to assess it. The risk for the consumer depends indeed on different parameters, among others the control measures in force for food safety in France, such as the removal of the SRM from the food chain and the screening tests at the abattoir, that interact with the size of the epidemic, and also the part of the exposure due to imported food, that might have been the major factor in the past; these parameters have varied over time during the last ten years. The effect on the human risk of the secondary peak of BSE that we observed in the July 94-June 95 cohort, following a probable huge peak on cohorts born at the end of the nineteen-eighties and remained mostly undetected, has to be analysed in the light of these different parameters.
